NanoVNA

Jim Gragg, W5LXC

* What is it?

* Where can you get it?

* What can you do with it?

* Supporting PC Software (NanoSaver)
* Practical examples

NOTE: This is not a full tutorial. It’s intended to
demonstrate many of the capabilities of the NanoVNA




Disclaimer
I’'m not an experienced Ham operator and
my background is digital electronics. |
understand “1’s” and “0’s. | love
experimenting but have lesser understanding
of HF analog circuits. They are “magic” to
me, so please bear with me as | go through
this presentation. Any comments are
welcome and encouraged.



What is the NanoVNA?

Instrument used to analyze the
behavior of various analog
systems over a range of
frequencies (more on this later)

Sweep Range: 50kHz to 1500 mHz
* Usesthe si5351 clock generator to provide
direct output in the 50KHz-300MHz frequency
range
* The 3 harmonic is used for the 300MHz-
900MHz band
* The 5% harmonic is used 900MHz-1.5GHz band

Display: 2.8" TFT (320x240) or 4" TFT (320x480)
Touch Screen

101 measurement points (screen resolution)
Interface: USB > USB type C

RF output: -13dBm (50nW)

Accuracy: <0.5ppm

Scanning Points: 101 (fixed)

Display Tracking: 4

Display Marking - 4

Setting Save — 5




Where can you get the NanoVNA?

@ [Upgraded] AURSINC NanoVNA- X + v - X
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[Upgraded] AURSINC NanoVNA-H Vector Network Analyzer prime
10KHz -1.5GHz Latest HW Version 3.6 | HF VHF UHF Antenna -

Enjoy fast, FREE delivery,
Analyzer Measuring S Parameters, Voltage Standing Wave Ratio, e
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Visit the AURSINC Store Try Prime and start saving today
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FREE Returns
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FREE Returns

FREE delivery Tuesday, August
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2.3” version of the newer Hugen design instead of original edy555 design



Where can you get the NanoVNA?

G nanovna-hd - Google Search X @ Amazoncom: Upgraded AURSIN X v 4

< c @ amazon.com/dp/B083PQARXZ/ref=sspa_dk_detail_2?pd_rd_i=B083PQ4RXZ&pd_rd_w=2FUXv&content-id=amzn1.sym.eb7c1ac5-7c51-4df5-ba34-ca810f1f119a&pf_rd_p=eb7clacs-.. G & ¥r » 0O H
P F F P Y! P! f

© Keep Your Bass Boa.. @ Keep Your BassBoa.. @ Lords Supper Table.. Wrangler - The Wra... ] 55+ Easy Keto Dinn... #)) 1992 Mariner Outb... [ 1/4 Wave Ground P.. B Cosx Calculator 4 West Mountain Rad... @8 Precedent BucketH.. »

= = =
amazon ® Delivering to Athens 75751 Industrial & Scientific + | Search Amazon Q VYeo ok Behit
S

Update location E=EN- Account & Lists - & Orders Cart

= All BacktoSchool OfftoCollege Clinic BestSellers Customer Service AmazonBasics Music Prime ~ Today's Deals New Releases Books Registry Fashion Amazon Home Coupon Party now live

Industrial & Scientific  Janitorial & Facilities  Safety Supplies  Medical Supplies  Food Service  Diagnostic Equipment  Material Handling  Educational Supplies  Sealants and Lubricants  Additive Manufacturing  Laboratory Supplies

Industrial & Scientific » Test, Measure & Inspect » Electrical Testing » Spectrum Analyzers

M Upgraded AURSINC NanoVNA-H4 V4.3 Vector Network Analyzer prime
=
10KHz-1.5GHz HF VHF UHF 4" Portable Antenna Analyzer Enjoy fast, FREE delivery,
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e e e NOGNOVNA FREE Returns
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« o [Upgraded Nanovna-H4 HW V4.3 ] Latest features: with latest HW 4.3 version, Nanovna-H4 is added a Update location
brand new panel plus added a new SD port for data storage(support up to 32GB memory card, not included
in the package). The NanoVNA-H4 vector network analyzer is a Hugen Origin that provides perfect vector In Stock
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Qty: 1w
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+ [Improved Frequency Algorithm] The improved frequency algorithm of NanoVNA-H4 can use the odd Add to Cart
harmonic extension of si5351 to support the measurement frequency up to 1.5GHz. The 50K-300MHz




What can you do with the NanoVNA?

Measure the performance of an antenna system
(bandwidth, SWR, impedance, Return Loss more)
Measure the length of a piece of coax (Got any bundles
of coax laying around?)

Find fault point in coax

Measure inductance or capacitance (Who doesn’t have
a junk box of assorted coils and capacitors?)

Measure performance of a low pass filter, notch filter,
balun, unun, etc

Measure insertion loss of a circuit



NanoVNA Menu Structure Map

HOME
MENU
DISPLAY TRACE O TRACE O
MARKER SELECT MARKER f——— FORMAT LOGMAG LIN CTRACEL
STIMULUS START  |— SEARCH  [— SCALE SCALE/DIV  f— PHASE L0G [ TRACE 2
SEARCH CHANNEL REFERENCE | | -
CALIBRATE CALIBRATE  — sTop |— pripa S11(REFL) Beeron DELAY Re +Im DI TRACE 3
RECALL —  POWER CENTER  [— j;’;fr TRANSFORM E-DELAY SMITH R+ jX STORE TRACE
[J sHOW GRID
MEASURE OFF SAVE — SPAN — OPERATIONS BANDWIDTH i SWR R+L/C CLEAN STORE
SD CARD |—— L/C MATCH CAF:E::‘L“ CWFREQ [— CITRACKING DA SMOOTH  — CIDOT GRID RESISTANCE G+jB <BACK
CABLE JOG STEP <BACK <BACK REACTANCE G+1/C
CONFIG (s11) RESET e <BACK L/t
= - a 3
TOUCH CAL S11(REFL
sm(;;rl ;c <BACK [z v::;ss ( ) >MORE Rp + L/C
TOUCH TEST e
SERIES LC S21(THRU) ZBACK PRACK
<BACK >START
EXPERT (521) _’ TO
SETTINGS SERIES AU =
XML (521 L MARKER1
SAVE CONFIG el | 2mA p  oren POLAR
Rl = 500 >CENTER MARKER 2 Meie
CONNECTION 4mA SHORT
<BACK SSPAN
MARKER 3
VERSION 6mA LOAD TRANOS‘)LORM REAL
>E-DELAY MARKER 4 30Hz
LOW PASS
BRIGHTNESS Lt savesie 8mA ISOLN T i IMAG SERIES C
= MARKERS <BACK
<BACK SAVE $2P <BACK THRU LOWPASS STEP QFACTOR SERIES L
; MARKERE CONDUCT PARALLEL R
SCREENSHOT DONE P  51poaint SAGOTH BANDPASS
use L RECALLO - MARKER 7 P ceom avg 5 PARALLEL X
<BACK DONE IN RAM 101 point SMOOTH WINDOW USCEPT
SERIAL RECALL 1
SR <BACK 201 point RARKERS - — "::g%;" 1v] PARALLEL C
1AL
> RECALL 2 x1
| seee0 | IHRESHOLD 301 point ALLOEF - ek SMORE PARALLEL L
<BACK RECALL 3 SAVE 0
e > 401 paint EDEHA <BACK <BACK
VBAT OFFSET RECALL 4 SAVE 1 <BACK % MINIMUM
<BACK
MODE IF OFFSET RECALLS SAVE 2 S NORMAL
GEPARATOR d RevemsRs RECALL 6 SAVE 3 —.( MAXIMUM ) *6 MAXIMUM
DUMP 1 E E NanoVNA-H4 onl
FIRMWARE SET DATA <BACK SAVE 4 . - ( MINIMUM ) <BACK Y
LOAD - -bl HiMaRIC MicroSD card support required.
CONFIG.INI SET TIME SAVE 5 KEYPAD ! ppoftrequ
CLEAR On-board UART expansion port.
CONFIG >MORE SAVE 6 E . E Xp: pol
" Based on Di 2
<BACK n DiSlord's v1.1 firmware.
SHACK SBACK nanovna.com




NanoVNA-saver software

Free Download from: https://github.com/NanoVNA-Saver/nanovna-saver/releases/tag/v0.6.2
Download the PC file: NanoVNASaver.win.x64.zip

Current features

*Operate and read data from a NanoVNA, uses only raw data from NanoVNA and does calculations
*Splitting a frequency range into multiple segments to increase resolution (tried up to >10k points)
*Averaging data for better results particularly at higher frequencies

*Displaying data on multiple chart types, (Smith, LogMag, Phase and VSWR-charts, for S11 and S21)
*Displaying markers for impedance, VSWR, Q, equivalent capacitance/inductance etc. at locations
*Displaying customizable frequency bands as reference, for example amateur radio bands
*Exporting and importing 1-port and 2-port Touchstone files

*TDR function (measurement of cable length) - including impedance display

*Filter analysis functions for low-pass, high-pass, band-pass and band-stop filters

*Display of both an active and a reference trace

eLive updates of data from the NanoVNA, including for multi-segment sweeps

In-application calibration, including compensation for non-ideal calibration standards
*Customizable display options, including "dark mode"

*Exporting images of plotted values




Sample of my Random Wire Antenna NanoVNA-Saver display

B NanoVMNA Saver 0.6.2.post].dev2+g2f8c534 (Sweep: nanovna_2023-08-09 12:05:25 @ 1010 points) — [ *
~
Sweep control Marker 1 ~
511 VSWR 511 Return Loss [dB)
start | 3.0MHz| | Center [ 165MHz| | Frequeng: 3.80277 MHz VSWR: 2,064 . i
Impedance; 10341750 Return loss:  -9.187 dB
Stop | 30MHZ| Span | 27MHZ| Series:  -73.137nH Quality factor: 0.017 ,,'_‘
Series C: 23,95 nF 511 Phase: -1.23° \ f-\ Pl
ERRERE 26TBKHZ/StEP | paralielr: 103190 $21Gain: 66678 dB &
[ Sweep settings ... | Farallel X:  6.8701 pF 521 Phase: 128.25° 55 ™
Sweep | Stop Frequency: 7.22792 MHz VSWR: 5.522
oo Impedance: 17.6-j47 0 Return loss:  -3.181 dB 40 s
Markers Series L -1.0343 pH Quality factar: 2,67 :
Series C: 468.77 pF 511 Phase: -89.81°
Marker 1 3.302??MH21 B® Parallel B2 143.02 0 521 Gain: -75.895 dB
Parallel X: 41111 pF 521Phase:  153.67° -20 v
Marker 2 7.227922MHz | |[B| O a5
Marker 3
Marker 3 14.212021MHz | |l O L 4 N 20 B | I I G - 25
Frequengy: 142120 MHz VSWR: 1.247 1
Marker 4 @) Impedance: 46+j9.85 0 Return loss:  -19.176 dB
Series L: 110.26 nH lity factor: 0.214
Marker 5 28,501327MHz | |l O ser.les o 1 1374n F (5111.;3;1: a. or 106.09° 1.0 -30
Pl e s : 3.000M 16.50M 30.00M  3.000M 16.50M 30.00M
[] Enable Delta Marker [ ] Reference Parallel R: 421390 521 Gain: -67.169 dB
Parallel ¥:  2.5206 uH 521 Phase: 91.03° 511 Smith Chart
Hide data | Locked O
TOR
Frequengy: 21,3032 MHz VSWR: 3.621
Estimated cable length: 18.731m Impedance; 36.3+j57 0 Return foss: 4,925 dB
. Series Lt 425,99 nH Quality factor: 1.572
Time Domain Reflectometry ... | Series C: -131.02 pF 511 Phase: 70.08°
Parallel B2 12592 0 521 Gain: -78.778 dB
Reference sweep Parallel X;  598.28 nH 521 Phase; T5.727
v
Set current as reference < >
Resef reference 511
. Min VSWR: 1.108 @ 23.6044MHz
Serial port contral Return loss: -25.776 dB
Paort | COM4 [H) Rescan
. : = 521
Disconnect Manage
F Min gain: -106.019 dB @ 10.8404MHz
A TAN AR /& 20 QARIRAH M

101°F Sunny

£ Type here to search




Important: Before measurements, you need to
calibrate for the setup you’re using to get the most
accurate results

Calibration involves the following steps from the NanoVNA menu:

1. Set the sweep range you plan to operate over

2. Measure 3 points on CHO using the standards that come with the
NanoVNA (Open, Short, 50 Ohm load)

Measure the isolation on CH1 using the 50 Ohm load

Measure the through measurement between CHO and CH1

Save the results

Note NanoVNA-Saver has its own calibration function but performs it
similarly.

o v kW

Warning: Antenna static can damage NanoVNA




For the first test, let’s measure some coax length.

My cable length extension is 10 feet or 3 meters and it appears to be RG174 cable which has a published velocity
factor of 66%. We can use the NanoVNA to measure TDR and get a pretty accurate cable measurement.

NanoVNA-Saver gave a length of
2.966m

The NanoVNA itself has two ways

to measure:

1. There is a cable measurement
function accessed from the
Menu — MEASURE>CABLE
giving a measurement of
2.937m

2. |saved a setup from YouTube
in RECALL1 and it measured
2.937m

~
Sweep control Marker 1
S11VSWR TOR
Start 50kHz | | Center | 250.025MHz Frequency: 50.0000 khz | vswe: 1311827 ag 2235
stop S00MHz| | Span | 499.95MHz Series Lt u TR - X
Series C: I
segments [ 1] S.000MHz/step | po el gy //-
i RG-174 PE (Belden 5216)(0.66] ~| | 1
Sweep settings .. Faralelt r
Veloeity factor
—, “
Estimated eable length: 2.977m (9t 9.2in)
Sweep Ston .
arke TOR
333
Markers Frequency:
Marker 1 soktz| (M| @ | SeriesL: o
Series C; ]
Marker 2 soktz| (W] O | paaiiel 27 -
Marker 3 soirtz| (W] O | Peralletx
.98m
[ Enable Delta Marker [] Reference g
210, 0 33 661 9.9m
Hide data locked O |
1Z|
TOR Frequency:
162,
Estimated cable length: 2:977m Series Lt
Series C!
Time Domain Reflectometry Parallel B
Parallel X: F
Reference sweep
Set current as reference
2.95m
Reset reference 511 .
0.0m 2.0m 4.0m 5.9m 7.9m 9.9m
Min VSWR:
Serial port contral el
Part | COM4 (H) | | Resean
521
Discannect M
Min gain: -90.517 dB @ 105.040MHz
Max gain: 43,645 dB @ 495.000MHz
Fil Calibrati A
250044 500,08
Display set: About Analysis %

= gy 1:41 PM
Y sT2023

Why is there a difference in measurement? From what | understand, each uses a different measurement
approach. Which is better? All are within 2% of the actual.



Measuring various aspects of a VHF Dipole Antenna System

1.Use CHO (S11) Port to scan VHF Band (144 to 148 MHz)

2.Remember to calibrate, especially at higher frequencies
that are more sensitive to setup

3.Adjust Dipole length to about 2 wavelength, 50 cm each
side

4.Examine SWR, impedance and return loss

5.Use NanoVNA-Saver to get a better view of the sweep

6.How does this antenna perform on 70 cm (420-450 MHz)?




2m band sweep of the 1/2wave 2m dipole antenna system

B ManoVMNA Saver 0.6.2.post1.dev2+g2f8c534 (Sweep: nanovna_2023-08-07 16:35:37 @ 101 points) — m} x
A
Sweep cantrol Marker 1
511 VSWR TDR
start | 100MHz | Center | 130MHz ‘ Frequengy: 143.800 MHz VIWR: 1.092 5 148,
Impedance; 42.7+j4.16 0 Return loss:  -27,126 dB E
Stop | 759MH1| Span | WMHZ‘ Series 1 4.5989 nH Quality factor: 0.085
Series C -266.36 pF 511 Phase: 104.79°
SHGHERES 600.0kHZ/SteP | poojielp: 49.0690 521 Gain:  -63.244 dB o
[ T . . = 4.0 :
Sweep settings ... | Parallel X:  £36.69 nH 521 Phase: 42 38
I, o
Sweep | Stap Mlarker 3.0 b
Markers Frequency: 143,000 MHz VSWR: 1.260
Impedance: 40.5+j4.21 0 Return loss:  -18.785 dB
Marker 1 143.8mHz | 0| @ Series L 45311 nH Quality factor: 0.104 \
Series G -255.22 pF 511 Phase:  153.47° 20 = 732
Marker 2 tagmtiz| 8] O | paranern: 409120 521 Gain: -69.594 dB
Marker 3 100mHz | B O Parallel X; 422,61 nH 521 Phase: 6131
12m
D Enable Delta Marker D Reference 1.0 476
100.0M 130.0M 16000 00m Sron I St
Hide data tocked O || | o
AHEEE S11 smith Chart s1112)
TDR Frequengy: 100.000 MHz VSWR: 4739 2333
Impedance: 37.3+j73.10Q Return loss:  -3.721 dB
Estimated cable length: 4.116m Series Lt 116,34 nH Quality factor: 1,959
T e e Series C: -21.773 pF 511 Phase: 59.91 04
e e R s Parallel R 180.51 00 521 Gain: 63.914 dB :
Parallel X 146,65 nH 521 Phase: 59.41°
Reference sweep
4
Set current as reference Lt
Reset reference s1 /\
G it Min VSWR: 1.053 @ 145.000MHZ ‘01‘7
£ Return loss: -31.604 dB ¥
Part | COM4 [H) | Rescan
- S21 57.5%
Discannect | | Manage |
s Min gain: -93.5371 dB @ 114.400MHz
- 1T e Max gain: -60.853 dB @ 155.400MHz
Files ... i Calibration ... 13.55|
- Al z 100.0M 130.0M 160.0M
Display setup ... About ... Analysis ..

£ Type here to search




70cm band sweep of the 1/2wave 2m dipole antenna system

521

B NanoVMA Saver 0.6.2.post1.dev2+ g2f8c534 (Sweep: nanovna_2023-08-10 15:48:00 @ 101 points) - [l X
A
Sweep control Marker 1 -
S11VSWR 511 Return Loss (dE)
start | 400MHz| | Center |  430MHz| | Frequenc: 400.000 MHz VSWR: 1.881 3 0 R _
Impedance; 91.6+j12.8 0 Return loss:  -10.288 dB
stop | 460MHz| | span | s0MHz| | Seriest:  5.0892nH Quality factor: 0,14 /"v\ /"_'\
Series C:  -31.108 pF §11Phase:  11,94° -15
SFTHEHE BO0.0KHZ/step | pajep: 933430 S21Gain: 51617 dB \/ \ / \
. weep settings .. | Farallel X:  265.85 nH 521 Phase: -70.00° 25 20 \
I - | \ [
-25
Sweep | Stop Frequengy: 419.800 MHz VSWR: 1.637
= = Impedance: 62.4+j24.3 0 Return loss:  -12.337 dB 29 L 30
Markes Series | 9.4413 nH Quality factor: 0.39% ;
Series C: -15.224 pF 511 Phase: 51.05% b
Mosker B @® | Paralleir: 723320 521Gain;  49.678 dB 35
Parallel X: 68,705 nH 521 Phase: -46.60° /'\ /,"\
Marker 2 4198mHz| (0] O 15 i
Marker 3 ¥
Marker 3 203mrz| |0 O
Frequency: 449.800 MHz VSWR: 1.634 45
Marker 4 400MHz O Impedance: 78.4+j12.5 0 Return loss:  -12.374 dB
Series L 44333 nH lity factor: 0.16
8O | o= A
Series C: -28.241 pF 511 Phase: 18.23 400.0M 430.0M 460.0M  400.0M 430.0M 460.0M
[ Enable Delta Marker [ ] Reference Parallel R:  80.403 0 521 Gain: -51.021 dB
Parallel ¥ 178.02 nH 521 Phase: -146,12° 511 Smith Chart TOR
Hide data | Locked O : Lt
TOR
Frequengy: 400,000 MHz VSWR: 1.881
Estimated cable length: 3.355m Impedance: 91.6-j12.8 0 Return loss:  -10.288 dB 715
. Series L 5.0892 nH Quality factor: 0,14
Time Domain Reflectometry ... | Series G -31.108 pF 511 Phase: 11,947
Parallel R:  93.343 0 521 Gain: -51.617 dB
Reference sweep Parallel X 265.85 nH 521 Phase: -70.00° 65.6 o
v
Set current as reference < >
Resef reference 511 59.6
. Min VSWR: 1,017 @ 434.200MHz
Serial port trol
Sloginant Return loss: -41.541 dB
Part | COM4 (H) v | | Resean o

b‘isconnect | [ Nﬂanaqe |
: Min gain: -59.938 dB @ 437.200MHz
na in: AR TOT ARG A5

£ Type here ta search




How to measure the value of an inductor or capacitor

1.Use CHO (S11) to scan a frequency range

2.What happens to inductors and capacitors as you
increase frequency?

3.Use a lower frequency range to determine the value

4.1I'll use a sweep of 10 KHz to 1 MHz. You can adjust the
sweep range as heeded for your component.

5.Another question. Where on the Smith Chart is the
highest inductance, highest capacitance?

6.Let’s measure an inductor and a capacitor with the
NanoVNA and NanoVNA-Saver...



Measured value of a 180 uH inductor

87 NanoVNA Saver 0.6.2.post1.dev2+ g2f8c534 (Sweep: nanovna_2023-08-07 23:35:32 @ 101 points) - [} b4
-~
Sweep control Marker 1
511 VSWR TDR
start | 10khz| Center | 505kHz| Frequency: 10,0000 kHz VSWR: 11.471 25 1000,
Impedance; 4.55+j10.50 Return loss:  -1.518 dB
Stop | 1mh1| Span | 99DkHZ| Series Lt 16717 pH Quality factor: 2,307
Series C: -1.5153 pF 511 Phase: 156.09°
SR SS00KHZ/SteP | paaiielR: 28,7840 521Gain: 46,112 dB ! s
T Parallel ; 198,57 pH 521Phase:  -158.21% 19.0 i
Sweep | Stan arkges 3 13.0 500,
¥
Markers Frequency: 49.6000 kHz VSWR: 19.369
Impedance: 5.7+j54.8 0 Return loss:  -0,898 dB
Marker 1 10kHz | (B @ Series Lt 175.87 uH Quality factor: 9.613
Series G -58.545 nF S11Phase:  84.41° 7.0 250
Blark e st ag6khz| |8 O | pajerr; s3zsen 521 Gain: 62,010 dB
Marker 3 901kHz | | W O Parallel X: 177.77 uyH 521 Phase: -60.90'
! 7.53m
[] Enable Delta Marker [ ] Reference 1.0 0
R SO OF Tooom  00m 1670.7m 3324.3m 4996.21
Hide data locked O | o
RIEEL 5§11 Smith Chart 5111Z)
TDR Frequency: 901.000 kHz VSWR: 1146.885 1.084
Impedance! 16.7+j976 0 Return loss:  -0.015 dB
Estimated cable length: 7.93m Series: 17243 uH Quality factor: 58.57
T z o Series G -180.95 pF 511 Phase: 5.86° _,
Ui U el Parallel R 57.124 k) $21Gain: 841498 L
Parallel X2 172,49 uH 521 Phase: -14.69°
Reference sweep
Set current as reference e /
Resetreference 511 /
i 440.6
2 Min VSWR: 11.471 @ 10.0000kHz
Serial port trol
ROk EEnTS Return loss: -1.518 dB
Port | COM4 [H) ~| | Rescan
; X 521 226,
Disconnect | | Manage | - -
B B Min gain: -58.990 dB @ £43.600kHz
- Max gain: -46.112 dB @ 10.0000kHz
Files .., i Calibration ... =
N = | = z 10,00k 505.0k 1.000M
Display setup ... About ... Analysis ... =

£ Type here to search




Measured value of a 1000 pF capacitor

B NanoVMA Saver 0.6.2.post].dev2+g2f8c534 (Sweep: nanovna_2023-02-1017:03:20 @ 101 points)
start | 1QkHZ| Center | E.GDE\MHzl Frequency: 10.0000 kHz VSWR: 239,538 5 0
Impedance: 9.89k-j6.74k 0 Return loss: 0,080 dB
Stop | 10MHZ| Span | 9-99MHZ| SeriesL:  -107.2 mH Quality factor: 0.681
Series C 23629 nF 511 Phase: -0.27*
segments [ 1] 99.50KHZ/Step | pojai R 14,477 kQ 521Gain: 51,812 dB 5
Sweep settings ... Parallel X:  748.8 pF 521 Phase: 133.05° 19.0.
100%% Marker 2
I en Stop Frequency: 3.00700 MHz VSWR: 101.647 4
Impedance: 1.01-j51.5 0 Return loss:  -0.171 dB 13.0
Series L -2.7268 uH Quality factor: 50.8 i
Maiker SeriesC:  1.0274nF S11Phase:  -83.27° @
Marker 1 10kHz | (0| @ Parallel R:  2.6179 kQ 521 Gair: -68.656 dB
Parallel X:  1.027 nF 521 Phase; 57.2T
Marker 2 3.007mHd| (W] O 70
Marker 3
Marker 3 1okHz| (W] O -
Frequency: 10.0000 kHz VSWR: 289.538
Marker 4 10kHz O Impedance: 9.89k-j6.74k O Return loss:  -0.060 dB :
Series 1 -107.2 mH lity factor: 0,681 3 o 5l (] 7 - "8 B
Marker 5 1okHz | (W] O Ll " alily factor 3 10 -10
Series C 23629 nF 511 Phase: =027 10.00k 5.005M 10.00M  10.00k 5.005M 10.00M
[ Enable Delta Marker [ Reference Parallel R: 14,477 kQ 521 Gain: -51.812dB . . . . . .
p Parallel X:  748.8 pF 521 Phase: 133.05° 511 Smith Chart 51112)
Hide data | Llocked @] 11.87
TDR
Frequency: 10.0000 kHz VSWR: 289.538
Estimated cable length: 3.687m Impedance: 9.89k-i6. 74k O Return loss:  -0.060 dB 9541
Series L -107.2 mH Quality factor: 0.681 A
Time Domain Reflectometry ... Series C: 23629 nF 511 Phase: -0.27°
Parallel R: 14477 k(2 521 Gain: -51.812 dB
Reference sweep Parallel X:  748.8 pF 521 Phase: 133,05° 729
v
Set current as reference < >
Resetreference s
4,852
Min VSWR: 91,340 @ 9.90010MHz
ko tobi) Return loss: -0,180 dB
Port | COM4 [H) ~ Rescan
521 2,529
Disconnect | Manage
LSS =i Min gain: -101.733 dB @ 3.30670MHz
Max gain: -51.812 dB @ 10.0000kHz
Files ... Calibration ... 202.5
25.85k 4.515M 9.301M

it 3 Dlarik Analusis

101°F Suni

H L Type here to search




Measuring Performance of Low Pass Filters

. We need to use CHO (S11) for output to the filter and CH1
(521) for input from the filter

. We can sweep the desired frequency rangy range, i.e. various
ham bands

. Set Markers at the fundamental frequency desired and 2"
harmonic, and 3™ harmonic

. Question: What is FCC requirement for attenuation of 2"
harmonic of a frequency below fundamental emission?

. Let’s look at the performance of a 40m, 7 element Chebyshev
Filter

. After that, we’ll look at a multiband, relay switched, 5 element
Chebyshev Filter




§97.307 Emission standards.

(d) For transmitters installed after January 1, 2003, the
mean power of any spurious emission from a station
transmitter or external RF power amplifier transmitting on
a frequency below 30 MHz must be at least 43 dB below
the mean power of the fundamental emission. For
transmitters installed on or before January 1, 2003, the
mean power of any spurious emission from a station
transmitter or external RF power amplifier transmitting on
a frequency below 30 MHz must not exceed 50 mW and
must be at least 40 dB below the mean power of the
fundamental emission. For a transmitter of mean power
less than 5 W installed on or before January 1, 2003, the
attenuation must be at least 30 dB. A transmitter built
before April 15, 1977, or first marketed before January 1,
1978, is exempt from this requirement.



Measurement of 40m, 7-element Chebyshev low pass filter

B ManoVNA Saver 0.6.2.post].dev2+g2f8c534 (Sweep: nanovna_2023-08-08 00:07:57 @ 101 points) - m}
STTVSWR STT RETUIT COSS [UE]
Start | 5 mhz| Center | 17.5MH1| Frequency: 7.25000 MHz VSWR: 1.239 25 o > ¥ .
Impedance: 40.5+j1.62 0 Return loss:  -19.430dB
Stop | E'4}"’|P"Z| span | 25|'\'|HZ| Series L: 35.671 nH Quality factor: 0.04
Series G -13.51 nF 511 Phase: 169.29° 5
SEQments 2500kH2/sten | paiep: 4054100 $21Gaine 0 Z
Sweep settings ... Parallel X: 22,167 pH 521 Phase: 271" 5.0 ]
I | -
oo Frequency: 14,5000 MHz VEWR: 398.228
Impedance: 299m-j58.8 0 Return loss:  -0.044 dB 13.0 -15
Mtk exs Series L -644.8% nH ‘Quality factor: 196.5
Series C: 186.82 pF 511 Phase: -80.80°
Marker 1 725mHz| B @ Parallel R 11,543 kQ 521 Gaim: 43.071dB 20
Parallel ¥: 186,81 pF 521 Phase: -163.56"
Marker 2 14.5MHz| [0 O 7.0
Marker 3
Marker 3 21.75mHz | [0 O Rl
Frequengy: 21.7500 MHz VSWR: 473.026
Marker 4 28MHz @) Impedance: 138m-j27.5 0 Returnlosst -0037dB | =R — 5
Series:  -201.58 nH Quality factor: 199.9 1.0 i
Enable Delta Mark: Refi
LEsbleDelta Morkee || | Rererende Series . 265.63 pF S11Phase:  -122.29° 300084 7.3 =10 200018 1730 S0:001
Hide data Locked () | Parallel R 5.5077 k) 521 Gain:  £3.436 48 511 Smith Chart s11- 511 & 521 Loghag dB - 521
Parallel X:  265.62 pF 521 Phase: -21.70° ° = o b
X
. -10
ST B s i Frequenc: 29,0000 MHz VEWR: 452,591 j \
Time Domain Reflectametry .., Impedance: 124m-j17.5 0 Return loss:  -0.038 dB -20
- . - - Series L -86.014 nH Quality factor: 141.1 et
Series Ci 313.7 pF 511 Phase: -141.43° -30
Ref:
e Parallel R 2.4685 ka 521 Gain.  -63.475 dB \
Set current as reference Parallel X:  313.68 pF 521 Phase: 113.39° A0 \
Reset reference 511 -50
. Min VSWR: 1,103 @ 5.00000MHz \ M
[V
SSHEkpoIL O] Return loss: -26.167 dB =50 \ i
Port | COM4 [H} e Rescan lnl
i s21 2 1 ¥
Disconnect | | Manage |
Min gain: -80.837 dB @ 24.0000MHz 80
Max gain: -0.088 dB @ 7.00000MHz
Files... Calibration ... 00
e e T 5.000M 17.50M 30.00M
Display setup ... About ... Analysis ..

H £ Type here to search




Measurement of 40m, 5-element Cheb

yshev low pass filter

B NanoVMA Saver 0.6.2.post1.dev2+g2f8c534 (Sweep: nanovna_2023-08-11 12:41:10 @ 1010 points) X
511 VSWR 511 Return Loss (dB) ~
start | sz | | Center | 17.5MHz| | Frequengs 5.00000 MHz VSWR: 1612 i 4 -
Impedance: 31.3+j3.34 0 Return loss:  -12.608 dB /‘f
stop | somrz||span | 25mtz| | Seriest: 1036 nH Quality factor: 0,107 5
Series C: -5.5262 nF 511 Phase: 167.54°
St SATBKHZISED | parailelR: 31608 0 S21Gain: 0,175 dB s
[ Sweep settings .., | Parallel X2 9.4096 uH 521 Phase: -105.94° 18.0.
Sweep | Stop Frequeng: 7.30426 MHz VSWR: 2725 -+
s Impedance: 26.3+j29.6 O Return loss:  -6.687 dB 120 0 - - —
Markers Series L 644,46 nH Quality factor: 1,124 :
Series C -736.71 pF 511 Phase: 107.51° a2
Marker 1 SpHz | B @ Parallel R:  59.56 00 521 Gain: 1432 dB ¥
Parallel X 1,1543 pH 521 Phase: -166.08* 14
Marker 2 7.304261MHz | || O
Marker 3 16
Marker 3 14.588600mHz | L O 2
Frequency: 14,5887 MHz VSWR: 38.934
Marker 4 21.897914MHz O | Impedance: 699105 0 Return loss:  -0.446 dB -18
5 L -1.1478 pH lity factor: 15.05 |
Markets smz| @ O || Shié Joaenpr (slwufp't: o s0se ; 2
EHES T, A sk ek 5,000M 17.50M 30.00M  5.000M 17.50M 30.00M
[] Enable Delta Marker [ ] Referance Parallel R:  1.5904 kQ 521 Gain: -1 6 dB
Parallel X:  103.24 pF 521 Phase: 51.61° 511 & 521 LogMag dB - 537
Hide data_ Locked ()
TDR
Frequengy: 21.8979 MHz VSWR: 58,555
Estimated cable length: 2.437m Impedance: 1.29-j35.890 Returnfoss:  -0.257 dB
Series Lt -260.75 nH Quality factor: 27.73
Time Domain Reflectometry ... Series C. 202.59 pF 511 Phase: -108.66"
Parallel R: 996,16 0 521 Gain:
Reference sweep Parallel ¥:  202.33 pF 521 Phase:  -2.19° \
Set current as reference < \
Resef referance 511 \
- Min VSWR: 1,612 @ 5.00000MHz b "
Serial port itrol
et partLahlie Return loss: -12.608 dB
Part | COM4 (H) v Rescan
- . 521
Manage
Min gain: -52.891 dB @ 25.1933MHz
Max gain: -0.175 dB @ 5.00000MHz
Files ... | Calibration .., "




YouTube Videos of if interest

How to measure coax length:
https://www.youtube.com/watch?v=9thbTC8-JtA

How to evaluate an antenna system:
https://www.youtube.com/watch?v=xab6dgx9udcg

How to measure the value of inductors, capacitors:
https://www.youtube.com/watch?v=Pti8Erw Kkg

How to measure the performance of a low pass filter:
https://www.youtube.com/watch?v=F17mN5uuzGY

Velocity factor calculation:
https://www.youtube.com/watch?v=aWvPB299U60




BACKUP SLIDES



Random Wire Antenna scan with Ferrite (TF140-43) 9:1 UnUn

7 ManoVMNA Saver 0.6.2.post1.dev2+g2f8c534 (Sweep: nanovna_2023-08-00 11:4%:55 @ 1010 points)

Sweep control

start | 3ombz| | center | 16.5MHz]

stop | oMbz | Span | 27mee]

Segments 26.76kHz/step

Sweep settins ...

I

Sweep Stop

Markers

Marker 1 w 1 ®
Marker 2 50
Marker 3 | e
Marker 5 1O

|:| Enable Delta Marker D Reference

Hide data | Lodked O
TDR
Estimated cable length: 17.828m
Time Domain Reflectometry ...
Reference sweep
Set current as reference

Resetreference

Serial port control

Port | COM4 [H} _Rescan

Disconnect Manage

Min gain: -104.712 dB @ 10.6263MHz

£1306 AR B AT

Marker 1
Frequenqr 3.80277 MHz VIWR: 2,096
Impedance: 25.2+j10.2 0 Return loss:  -3.018 dB
Series Lt 427.7 nH Cuality factor: 0.406
Series C: -4,0854 nF 511 Phase: 149.89°
Parallel R:  23.312 0 521 Gairn: -67.743 dB
Parallel X:  3.0204 pH 521 Phase: -120.50°
Frequencqe 7.22792 MHz WSWR: 4.453
Impedance: 1281810 Return loss:  -3.969 dB
series s -399.32 nH Quality factor: 1.417
Series C 1.2142 nF 511 Phase: -137.90°
Parallel R: 38437 0 521 Gain: -69.531 dB
Parallel X:  810.61 pF 521 Phase: 114.60¢
Marker 3
Frequencqr: 142120 MHz WSWR: 1.333
Impedance: 42+j10.6 0 Return loss:  -16.507 dB
Series Lt 11821 nH Cuality factor: 0.251
Series C: -1.0608 nF 511 Phase: 120.51*
Parallel R: 44683 0 521 Gain: -68.403 dB
Parallel X:  1.9925 uH 521 Phase: 148.24°
Frequencqe 21.3032 MHz VSWR: 2.869
Impedance: 52.7+j56.6 0 Return foss:  -6.320 dB
series Lt 422,64 nH Quality factor: 1.074
Series C -132.06 pF 511 Phase: 58.43°
Parallel R:  113.43 0 521 Gain: -66.455 dB
Parallel %:  789.28 nH 521 Phase: 127.44°
€
511
Min VSWR:  1.245 @ 15,1486MHz
Return loss: -19.248 dB
521

511 VSWR 511 Return Loss (dB}
6 1]
-2
A 4 Y
4,75
-6
2
3.5 -10
i e g £
14
2.25
-16
-18
1.0 -20
3.000M 3.000M

511 smith Chart

£ Type here to search




Random Wire Antenna scan with Powder Core (T200-2) 9:1 UnUn

B NanoVNA Saver 0.6.2.postl.devi+g2f8c334 (Sweep: nanovna_2023-08-09 12:05:25 @ 1010 points)

Sweep control

Start 3.0MHz | | Center 16.5MHz
Stop 30MHz Span 2TMHz

26.76kHz/step

Segments
Sweep settings ...

I, -

Sweep Stop

Markers

Marker 1 B®
s [ 7] (8] O
Marker 3 1O
Marker 5 RO

[] Enable Delta Marker [ ] Reference
Hide data Lacked O
TDR
Estimated cable length: 18.731m
[ Time Domain Reflectometry ...
Reference sweep
Set current as reference

Resef reference

Serial port control

Port | COM4 [H) v | | Rescan
| D:isconneci: | Nfénaqe

Marker 1
Frequengy: 3.80277 MHz VSWR: 2,064
Impedance; 10341.750 Return loss:  -9.187 dB
Series L -73.137 nH Cuality factor: 0.017
Series C 23,95 nF 511 Phase: -1.23°
Parallel R:  103.190 521 Gain: -66,678 dB
Parallel ¥:  6.8701 pF 521 Phase: 128.25°
Frequencgy: 7.22792 MHz VSWR: 5.522
Impedance: 17.6-j47 0 Return loss:  -3.181 dB
Series L: -1.0343 pH Quality factor: 2.67
Series C 468.77 pF 511 Phase: -89.81°
Parallel B2 143.02 0 521 Gain: -75.895 dB
Parallel X2 411.11 pF 521 Phase: 153.67°
Marker 3
Frequency: 14,2120 MHz VSWR: 1.247
Impedance: 46+j9.850 Return loss:  -19.176 dB
Series L: 110.26 nH Quality factor: 0.214
Series G -1.1374 nF 511 Phase: 106,097
Parallel R: 481390 521 Gain: -67.169 dB
Parallel X 2.5206 uH 521 Phase: 91.03*
Frequency: 21,3032 MHz VSWR: 3.621
Impedance: 36.3+j57 0 Return foss:  -4.925 dB
Series Li 425,95 nH Quality factor: 1.572
Series -131.02 pF 511 Phase: 70.08°
Parallel R: 12592 0) 521 Gain: -78.778 dB
Parallel X:  598.28 nH 521 Phase: 7572
<
511
Min VSWR: 1,108 @ 23.6044MHz
Return loss: -25.776 dB
521

Min gain: -106.01% dB @ 10.8404MHz

£ TAN AR 5 30 04

511 VSWR 511 Return Loss (dEB}
7 o
-5
5.5 ¥\
-0 4
40 /\ -15
20 V
25
- 3 25
1.0 -30
3.000M 16.50M 30.00M  3.000M 16.50M 30.00M

511 Smith Chart

£ Type here to search
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UnUn scan of Ferrite (TF140-43) 9:1 UnUn with 440 Ohm Load

7 ManoVINA Saver 0.6.2.post].dev+g2f8c534 (Sweep: nanovna_2023-08-00 11:17:10 @ 101 points)

Sweep control

stat | 3.0MHz| | Center | 16.5MHz]
stop | 30MHz||Span | 27mHz]
Segments 270.0kHz/step

Sweep settings .

A oo

Sweep Stop

Markers
Marker 1 1®
Marker 2 e
Marker 3 1O
Marker 4 o
Marker 5 RO
[] Enable Delta Marker [ | Reference

Hide data Locked O

TOR
Estimated cable length: 0.157m
[ Time Domain Reflectometry ...
Reference sweep
Set current as reference

Resef reference

Serial port contral

Part | COM4 [H) v| | Rescan

Disconnect Manage

Marker 1
Frequency: 3.81000 MHz VSWR: 1.082
Impedance: 46.4+j1.28 0 Return loss:  -28.059 dB
Series L 53,988 nH Cuality factor: 0.028
Series C -32.322 nF 511 Phase: 159.42°
Parallel R: 46,449 0 521 Gaim: -70.934 dB
Parallel X:  69.681 pH 521 Phase: 98.28°
Frequency: 7.32000 MHz VSWR: 1.090
Impedance; 45.9+j629m 0 Return loss:  -27.327 dB
Series Lt 13.674 nH Quality factor: 0.014
Series G -34.572 nF 511 Phase: 170,86
Parallel R: 459310 521 Gain: -69.045 dB
Parallel X: 72,919 uH 521 Phase: 10.61°
Marker 3
Frequency: 14,0700 MHz VSWR: 1132
Impedance: 44.2+j640m 0 Return loss:  -24.169 dB
Series L 7.2351 nH CQuality factor: 0.014
Series C -17.685 nF 511 Phase: 173.31°
Parallel i 44.2150 521 Gain: -68.328 dB
Parallel X:  34.566 uH 521 Phase; -18.58°
Frequency: 18,1200 MHz VSWR: 1.168
Impedance; 42.9+j1.03 0 Return loss:  -22,194 dB
Series Lt 9.0128 nH Quality factor: 0,024
Series G -8.5598 nF 511 Phase: 17119
Parallel R: 42,884 0 521 Gain: ~75.808 dB
Parallel X: 15733 pH 521 Phase: -14%,15°%
v
<
511
Min VSWR: 1,082 @ 3.81000MHz
Return loss: -28.059 dB
521

£5.077 dR.@ 1

Min gain: -85.847 dB @ 264300MHz
na

511 VSWR 511 Return Lass (dB)
3 o
-12
14
25
-16
18
2.0 = -20
-22
24
1.5 /
-26
[, g / -28 1%
10 -30
3.000M 3.000M

511 Smith Chart

L Type here ta search




UnUn scan of Powder Core (T200-2) 9:1 UnUn with 440 Ohm Load

7 ManoVMA Saver 0.6.2.post1.dev2+ g2f8c534 (Sweep: nanovna_2023-08-09 11:08:55 @ 101 points)

Sweep control

start | 30MHz| | Center | 16.5MHz ]
stop | 3ombz| | span | 27wk
Segments 270.0kHz/step

Swesp settins ..

I o

Sweep Stop

Markers

Marker 1 1®
Marker 2 5 O
Marker 3 | e
Marker 5 O

D Enable Delta Marker D Reference

Hide data Lacked O

TDR
Estimated cable length: 365.362m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Resef reference

Serial port contraol

Port | COM4 [H) ~ Rescan
Disconnect Manage

Marker 1

Frequency: 3.81000 MHz VSWR: 3.531
Impedance; 17.6+j23.50 Return loss:  -5,058 dB
Series Lt %33 nH Cuality factor: 1.334
Series C: -1.7752 nF 511 Phase: 124.79°
Parallel B2 49.029 0 521 Gaim: -76,547 dB
Parallel X:  1.5356 pH 521 Phase: 51.65°
Frequency: 7.32000 MHz VSWR: 1.651
Impedance: 38.5+j13 0 Return loss:  -12.198 dB
Series s 413.68 nH Quality factor: 0.434
Series G -1.1428 nF 511 Phase: 109.00%
Parallel R:  47.908 0 521 Gain: -69.328 dB
Parallel X:  2.1082 pH 521 Phase: 37.22°
Marker 3

Frequency: 14.0700 MHz VSWR: 1.232
Impedance: 41.6-j4.48 0 Return loss:  -19.654 dB
Series i -50.727 nH CQuality factor: 0.108
Series C 2.5224 nF 511 Phase: -148.186°
Parallel R: 42,062 0 521 Gain: -78.515 dB
Parallel X:  29.006 pF 521 Phase: -165.25°
Frequency: 18,1200 MHz VSWR: 1.573
Impedance: 34-j9.98 O Return foss:  -13.043 dB
Series Lt -87.691 nH Quality factor: 0,294
Series C 879.77 pF 511 Phase: -141.24°
Parallel R: 36945 0 521 Gain: -65,939 dB
Parallel X: 69.78 pF 521 Phase: -127.65°

<

511

Min VSWR: 1.132 @ 11,9100MHz

Return loss: -24.166 dB

521

Min gain: -104,065 dB @ 7.86000MHz
¥ Frn

£3 TAR dR & 1

S11VSWR 511 Return Loss [dB)
5 0
* /
3.0 -15
-20
\/
-25
|
10 -30
3.000M 16.50M 30.00M 3.000M 16.50M 30.0

511 Smith Chart

£ Type here to search
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20m 7-element Chebyshev low pass filter

B NanoVMA Saver 0.6.2.post.dev2+g2f8c534 (Sweep: nanovna_2023-08-11 12:22:00 @ 404 points) == *
STTVSWR 511 Return Loss [dE] ~
start | SMHz | | Center | 17.5MHz| | Frequenc: 5.00000 MHz VSWR; 1,064 e a =
Impedance; 47.9-j22 0 Return loss:  -30.175 dB
Stop ‘ 30MHZ| Span | ZSMHZ‘ Seriesl:  -70.171 nH Quality factor: 0.046
Series G 14,439 nF 511 Phase: =132.13° S
L 6203KHZ/SteP | paaielr: 480150 521Gain:  -0.047 dB /
[ " | Parallel X:  30.501 pF 521 Phase: -101.68° 19,0 0 = — —
I o | o - I
Sweep | Stop Frequencgy: 14.11%1 MHz VSWR: 1.196
Impedance: 42.5+j3.47 0 Return loss:  -20.975 dB 13.0 20 i
Markiss Series L: 39.097 nH Guality factor: 0,082 z
Series G -3.25 nF 511 Phase: 153.06°
Marker I ® Parallel R: 427730 521 Gain: -0.231 dB -25 )
Parallel :  5.9066 pH 521 Phase: 23.96°
arerz [ tarmaes] (8] O
Marker 3 =
Marker 3 282009mez | [B) O
Frequengy: 28.2011 MHz VSWR: 278.506 35
Marker 4 @) Impedance: 262m-33.8 0 Returnloss: -0.062 dB
Marker 5 1O Series L -180.76 nH Quality factor: 129.2 " 10 a0
Series C! 166.96 pF 511 Phase: -111.88 5.000M 17.50M 30.00M  5.000M 17.50M 30.00M
[ Enable Delta Marker [] Reference Parallel R:  4.3681 k0 521 Gain: -66.940 dB
1 Parallel X:  166.95 pF 521 Phase: -111.54° 511 Smith Chart - 511 & 521 LogMag dB =521
Hide data Locked O = o i -
TDR
Frequency: 5.00000 MHz VSWR: 1.064 -0 N
Estimated cable length: 3.894m Impedance: 47.9-j22 0 Return foss:  -30.175 dB f \
. Series Lt 70171 nH Quality factor: 0,046 =20 =
Time Domain Reflectometry ... | Series G 14,439 nF 511 Phase: -132.13° / V \
Parallel R 48.0150 521Gain:  -0.047 dB 30 TN,
Reference sweep Parallel X:  30.501 pF 521 Phase: -101.68° \
i 40
Set current as reference < > \
Reset reference 511 -50

Min VSWR: 1,059 @ 9.83873MHz
Return loss: -30.806 dB

Serial port control

Port | COM4 [H) W Rescan 70
. = —
Disconnect Manage
Min gain: -84.814 dB @ 29.0075MHz -80
Max gain: -0.047 dB @ 5.12407MHz
Fies.. || Calibration.. 50 v

101°F Sunm

H L Type here to search



10m-12m 5-element multiband Chebyshev low pass filter

B NanoVNA Saver 0.6.2.post1.dev2+g2fBc534 (Sweep: nanovna_2023-08-11 13:15:38 @ 1010 points) == x
A
Sweep control Marker 1 S -
511 VSWR 511 Return Loss [dE}
Start [ 20Mbz| | Center | sommz| | Fregueng: 249851 MHz | vswR: 1139 2 o
Impedance: 53+j6.01 0 Return loss:  -23.740 dB T 1
Stop | EDMHZ| Span | 60MHZ| Series i 38.27nH Quality factor: 0.113
Series C: -1.0584 nF 511 Phase: 60.33°
e S94BkHZSteP | paieir 536560 S21Gain: 0419 dB / 5
Sweep settings ... | Parallel X:  3.0113 pH 521 Phase: -166.34* 18.2

Sweep | Stop Frequency: 29,6928 MHz VSWR: 1,086
- Impedance: 54-j1.62 0 Return loss:  -27.670 dB 125 s
Wik Series Lt -8.6628 nH Quality factor: 0.03
Series G 3.3165 nF 511 Phase: -21.18° X
Marker 1 g @ | ParallelR: 540340 521 Gair: -0.463 dB \
Parallel X:  2.9697 pF 521Phase;  156.46° -20

Marker 2 29.692795MHz | |B| O
Marker 3
Marker 3 49.07036MHz | (B O

Frequency 49.9704 MHz VSWR: 16.630

Marker 4 39.425295MHz o Impedance: 3.04+j5.36 00 Return loss:  -1.046 dB

Series L: 17.067 nH lity factor: 1.762
Merker 20urz | (W] O s:::: c sgasan F ?1u1ar;t:asae- . 167.72° =)
2 i T ' 20.00M 50.00M 80.00M
[ Enable Delta Marker [ ] Reference Parallel B+ 12483 0 521 Gain: -15.360 dB
Parallel X:  22.564 nH 521 Phase; -67.24° s11 = 511 & 521 LogMag dB - 521
Hide data | tocked O 0 S
TOR
Frequency: 59.4253 MHz VSWR: 20,919
Estimated cable length: 1.328m Impedance: 3.42-j32.8 0 Return foss:  -0.831 dB 10
Series L 87.86 nH Quality factor: 9,585
Time Domain Reflectometry ... | Series C: -81.641 pF 511 Phase: 113.29° L
ParallelR:  317.687 Q 521 Gain: -31.674 dB ¥
Referance sweep Parallel X; 88,816 nH 521 Phase: -104.14% 20 \ \
v
Set current as reference £ >
Resef reference 511
30 )
. Min VSWR: 1,082 @ 28,8008MHz
Serial port trol
EHoL POTLLORLIo Return loss: -28.080 dB K
Port | COMA4 [H} v Rescan
| sl 529 40

b‘iscunne& | Ménaue |
Min gain: -43.946 dB @ 64.8366MHzZ

Mitae maine: 0242 AR @ 20 ONOOKAH

H L Type here to search




20m-17m 5-element multiband Chebyshev low pass filter

B NanoVNA Saver 0.6.2.post1.dev2+g2f8c534 (Sweep: nanovna_2023-08-11 12:28:51 @ 404 points) = X
511 VSWR 511 Return Loss [dE} ~
Start | SMHz | | Center |  32.5MHz| | Frequency: 5.00000 MHz VSWR: 1.421 o o .
Impedance: 37-j7.87 O Return loss:  -15.799 dB
Stop | 60MHZ| Span | SSMHZ\ SeriesL  -250.57 nH Quality factor: 0.213
S t 4.5 1kERzist Series G 4.0436 nF 511 Phase: -143.61° o
CgpRents STRHZSEER | parallel R 38,6880 521 Gain: 0,033 dB o oyoWR20 |} L] 8
Sweep settings .. | Parallel %: 174,98 pF 521 Phase: -52.76° 19.0.

. L
I o | e

Sweep | Stop Frequency: 14.2804 MHz VSWR: 1.08% 20
T Impedance: 47.9+j3.58 0 Return loss:  -27.430dE 120

Series Lt 39.982 nH Quality factor: 0.075 :

Markees Series C: 31067 nF S11Phase:  118.41° "

Marker 1 sMHz| (B ® Parallel R: 48,1550 521 Gaim: -0.256 dB
Parallel :  7.1638 pH 521 Phase: -159.90°

Marker 2 14.280368MHz | 0| O 7.0
Marker 3

Marker 3 18101696MHz | B O 0 V

Frequency: 18,1017 MHz VSWR: 1.090

Marker 4 28.610348MHz O Impedance: 52.3+j3.74 0 Return loss:  -27.340 dB
Series Lt 32.853 nH Quality factor: 0.071 ‘ e N g 50
Morker s2ssoomiz| B O | oe S 511 Phase:  56.08° 10

2 5.000M 32.50M B0.00M 5.000M 32.50M 60.00M
[] Enable Delta Marker [ ] Reference Parallel R:  52.587 0 521 Gaim: -0.443 dB
Farallel X:  £.4738 pH 521 Phase: 145.99° 511 Smith Chart SH= 511 & 521 LogMag dB ="
Hidle data_ | Locked O ‘ 0 3
TDR
Frequency: 28.6103 MHz VSWR: 36932
Estimated cable length: 1.77m Impedance: 1.85-30.3 0 Return loss:  -0.470 dB
SeriesLi  -168.36 nH Quality factor: 16.36 2
Time Domain Reflectometry ... | Series C: 183.81 pF 511 Phase: -117.58% + :
Farallel R:  496.86 0 521 Gain: -15.476 dB
Reference sweep Parallel X:  183.12 pF 521 Phase: -16.45% 0 \
v
Set current as reference < >
Resef reference 511

Min VSWR: 1,015 @ 16.4640MHz

Sefal pertrontral Return loss: -42.790 dB

Port | COM4 (H} ~| |_Rescan

= : ~ § 521 40
Disconnect Manage
Min gain: -43.377 dB @ 40.2108MHz
Max gain: -0.028 dB & 5.545%0MHz
Files .. Calibration .. 50 v

H L Type here to search




40m 5-element multiband Chebyshev low pass filter

B NanoVNA Saver 0.6.2.post1.dev2+g2f8c534 (Sweep: nanovna_2023-08-11 12:41:10 @ 1010 points)
511 VSWR 511 Return Loss [dE}
Start | SMHz | | Center | 17.5MHz| | Frequengs 5.00000 MHz VSWR: 1.612 e o =
Impedance: 31.3+j3.34 0 Return loss: -12.608 dB //""‘
stop | 30MHz | | Span | 25MHz| | Seriesl 10636 nH Quality factor: 0,107 2
Series C: -5.5262 nF 511 Phase: 167.54°
SEgments 24TEKHI/STED | parallelr:  31.608 0 s21Gain: 0175 4B .
[ Sweep settings ... Parallel X; 94096 pH 521 Phase: -105.94° 19,0
B
e
Sweep | Stop Frequency: 730426 MHz VSWR: 2725 =
- Impedance: 26.3+j29.6 0 Return loss:  -6.687 dB 130 a0 - — —
Markers Series L: 644,46 nH Quality factor: 1.124 ’
Series C: -736.71 pF 511 Phase: 107.51° 12
Marker 1 smHz | |[B| ® Parallel R: 59,56 0 521 Gain: -1432 dB 3
Parallel X 1.1543 pH 521 Phase: -186.08% 14
Marker 2 7.304261mtiz | || O 70
Marker 3 16
Marker 3 14.588600mHz | B O 2
Frequency: 14.5887 MHz VSWR: 38.934
Marker 4 21,897914MHz QO | impedance: 5924105 0 Return loss:  -0.446 dB -18
Marker 5 stz B O Scr.les {5 -1.1478 pH Quality factor: 15.05 . 10 k- 20
Series Ci 103.69 pF 511 Phase: -50.68° 5. 000M 17.50M 30, 5.000M 17.50M 30.00M
[] Enable Delta Marker [ | Reference Parallal R 1,5804 k) 521 Gain: -18.426 dB : : ; : : :
Farallel X:  103.24 pF 521 Phase: 51.61% 511 Smith Chart s11 = 511 & 521 LogMag dB =y
Hide data Locked O 0 .
TDR
Frequency: 21.897% MHz VSWR: 58.555
Estimated cable length: 2.437m Impedance: 1.29-j35.90 Return foss:  -0.297 dB -10 ',
. Series L -260.75 nH Quality factor: 27.73 X
Time Domain Reflectometry ... Series C: 202.59 pF 511 Phase: -108.66"
Parallel R: 996,160 521 Gain: -37.855 dB 20
Reference sweep Parallel X: 202,33 pF 521 Phase: 219 \
w
Set current as reference < > 20 \
Resefreference 511 \
Min VSWR: 18612 @ 5.00000MHz 40 b Y o
Setial port control Return loss: 12,608 0B
Port | COM4 [H) “ Rescan
2 31 i
Disconnect Manage h
Min gain: -52.891 dB @ 25.1933MHz
Max gain: -0.175 dB @ 5.00000MHz
kiles. Calhmlinnts 60

H £ Type here to szarch




80m 5-element multiband Chebyshev low pass filter

B NanoVNA Saver 0.6.2.post1.dev2+g2f8c534 (Sweep: nanovna_2023-08-11 12:44:41 @ 1010 points)
511 VSWR 511 Return Loss [dE}
stat | ambz|| Center | ssmHz| | Frequen: 200000 MHz VSWR: 1479 B o
Impedance: 33.9-j1.76 0 Return loss:  -14.278 dB
Stop | 15MHZ| Span ‘ HMHZ‘ Series Lt -140.08 nH Quality factor: 0,052
Series C: 45,206 nF 511 Phase: -172.56° al || |}
Segments 12BBRHZ/STED | paraiiel R 33.9740 S21Gain: 0,032 dB g
[ Sweep settings .. | Parallel X 121.69 pF 521 Phase: -85.20° 19.0 1\
. 2
Sweep | Ston Frequency: 399702 MHz VSWR: 1170
R Impedance: 49.5-7.80 Return loss:  -22.125 dB 130 30
Marie Series b -310.67 nH Quality factor: 0,158
Series C: 5.1035 nF 511 Phase: -88.98°
Marker 1 MHz | (B ® Parallel R: 50,757 0 521 Gain: -0.389 dB
Parallel X:  123.58 pF 521 Phase: 167.37° 40
Marker 2 399702mHz | (0] O 70
Marker 3
Marker 3 s.003244mHz | || O B
Frequenge: 8.003%4 MHz VSWR: 80.034
Marker 4 11.997934MHz O Impedance: 847m-j29.8 0 Returnloss:  -0.217 dB
Marker 5 oz | (B O Series Lt -592.77 nH Quality factor: 35.2 : i * - )
Series Ci 667.03 pF $11 Phase: -118.38° 2.000M 8.5 1s, 2.000M 3.500M 15.00M
[ Enable Delta Marker [ ] Reference Parallel R 1,0502 k) 521 Gain: -28.533 dB . . . . . 5
Parallel X:  666.5 pF 521 Phase:  -21.58° 511 Smith Chart L5 §11 & 521 LogMag dB St
Hide data Locked O o i -
TDR
Frequencgy: 11,9980 MHz VSWR: 103.552 10
Estimated cable length: 3.281m Impedance: 528m-j15.2 0 Return loss:  -0.168 dB .
. Series Lt -201.83 nH Quality factor: 28.84 \
Time Domain Reflectometry ... Series C 871.86 pF 511 Phase: -146.15° 20
Parallel R: 438320 521 Gain: -46.307 dB
Reference sweep Parallel X:  870.81 pF 521 Phase: 106.62°
30 \
Set current as reference < \
Resefreference 511 40
" Min VSWR: 1,006 @ 3,12091MHz \ f'-
Serial port trol
Frial port Lonteo Return loss: -50.320 dB 5 4
Port | COM4 [H) w Rescan
E - E— 521
Disconnect Manage -60
Min gain: -60.940 dB @ 10.7096MHz
Max gaire -0.032 dB @ 2.00000MHz
Files .., Calibration ... 0

H L Type here to search




80 m scan of 250W ARRL (HFKits) EFHW Antenna Kit | built and deployed with a self-wound trap at

a little over 20 meters in length, followed by about 2.5 meters behind the trap.

B NanoVNA Saver 0.3.10 (Sweep: 2022-03-29 16:19:55 @ 101 points) =
Marker 2 sseat:z] (B O | T
Frequency: 3.60100 MHz VEWR: 4.0
Marker 3 3601z | W] O Impedance: 15.9-j26.130 Returnloss: -4,
Series L; -1,1519 H Quality factor: 1.6 . i
Marker 4 3857740z | [ 0| @ | SeriesC:  L6959nF S1iPhase: 12 ¥ Het
! ParallelR:  58.5550 521 Gain: 86
Marker 5 392450mbz | B O Paralel X:  1.2343nF 521 Phase: 89
Marker 6 3.996383MHz O
69.6
Marker 7 se0iMbz | B O Frequency: 3.85750 MHz VSWR: 2.0
Impedance: 25.1+3.020Q Return loss: -8,
Marker 8 3.600Hz | [B| O | seriest:  124.65nH Quality factor: 0.1
Series Gt -13.657nF 511 Phase: in 47.7
Marker 3 3.601MHz | |l O Paralel R: 25,4520 521 Gain; |2 "0.0m 5206.0m 10413,
Parallel X:  8.7202pH 521Phase:  -13 ! ' i
Marker 10 3.60iMHz | (W] O
T S11VSWR s11z|
Marker 11 seomz| (W] Q| A " -
Frequency: 3.92875MHz VSWR: 1.0
Marker 12 3.600Hz | B O | Impedance: 51478.6m e Return loss: -39
Series L: 3.2243nH Quality factor: 0.0
Marker 13 vz | (| O Series C:  -508.98 nF 511 Phase: 4.3 52.38
ParallelR: 510480 521 Gain: 93 7
[] Enable Deita Marker ParalelX:  1.3254mH S21phaser 11
“Show data Lacked O Y
45.75
TDR Frequency: 3.99525 MHz VSWR: 1.9
Impedance: 39.7429.10 Returnloss:  -9.
Estimated cable length: 73.735m Seriesl:  -1.1588 pH Quality factor: 0.7
. Series C: 1.3682 nF 511Phase: =93 38.63
Time Domain Reflectometry ... Parallel R: 61,0342 521 Gain: 89
Parallel X:  479.14pF 521Phase: -60
Reference sweep =
Marker 7 31,37
Set current as reference Eramianeu 2 &000 MU | wewin. an
>
Resetreference
HhE 24,25
Serial port control Min VSWR: 1021 @ 3,92875MHz
2 Return loss: -3%.656 dB
Port | COMS (H) ~ Rescan 1.67
a3t 17.12
Disconnect Manage |
Min gain: -107.835 dB @ 3.61050MHz
Max gain: -80.599 dB @ 3.52500MHz
Files Calibration ... 10 | | 10.00 |
I R 3.525M 3.683M 3.842M 4.000M  3.525M 3,763 4.000M
Display setup ... About ... Analysis ...
v

80°F Sunny

H £ Type here to search




40 m scan of 250W ARRL (HFKits) EFHW Antenna Kit | built and deployed with a self-wound trap at
a little over 20 meters in length, followed by about 2.5 meters behind the trap.

B NanoVMA Saver 0.3.10 (Sweep: 2022-03-29 16:26:12 @ 107 points) = X
Marker 2 ™| [B] O | } "
Frequency: 7.08000 MHz VEWR: 1.0 ¢
Marker 3 7.0vHz | |l O Impedance: 47.1+510m Q Returnloss:  -30
Series L} 11.471nH Quality factor: 0.0 et
Marker 4 Mz O | seriesc:  -44.052rF S1iPhase: 18 s
, Parallel R:  47.058 Q 521 Gain: -10
Marker 5 7.049492m0z | [0 O Parallel X: 97,543 uH 521Phase; 9.9
Marker & ®
50.8
Marker 7 7.08MHz | |B| O Frequency: 000 M-z WEWR: 1.0
Impedance; 43.4-2.82Q Return loss:  -28
Marker 8 7.08MHz | (0| O Series L: -82.401rH Quality factor: 0.0
Series Ci 6,2735nF 511 Phase: -96 47.6
Marker 3 7.08vHz | || O Parallel Rt 49.696 Q 521 Gain; -87 "0.0m 4945, 7m 9g92.5
Parallel X:  33.544 pF 521Phaser 4. ' ' '
Marker 10 7.0MHz | (0| O
A S11VSWR S110Z)
1, 5
Marker 11 7.00M4z | |B| O oo , Z00d
Frequency: 705000 MHz VSWR: 1.0
Marker 12 7.08MHz | (0| O Impedance: 47.741.14Q Returnloss:  -31
Series Lt -25.841nH Quality factor: 0.0
Marker 13 B| O || seriesc; 19.7227F SiiPhase:  -15 ——
Parallel R:  47.758 0 521 Gain: -85 2.67. *
[ Enable Deita Marker ParallelX: 11336 pF 521Phase; 13
Show data Locked O
61.45
TDR Frequency: VSWR: 13 2.33
Impedance; 49+13Q Returnloss:  -17
Estimated cable length: 52.802m SeriesL:  283.34rH Quality factor: 0.2
Series C: -1L8776 nF 511 Phase: 87. 57.18
Time Domain Reflectometry ... ParallelR: 52,4020 521 Gain: -85
Parallel X:  4.3033pH 521Phase; 11¢ 2.0
Reference sweep
52.82
Set current as reference Framianmus 7 ARANM MHT | wewo. an¥
€ >
Resetreference LS
511 48.55
Serial port control Min VSWR: 1.053 @ 7.06000MHz
Return loss: -31.808 dB
Port | COMS5 (H) Rescan 1.33 |
st 44,27
Disconnect Manage
Min gain: -122.582 dB @ 7.15000MHz
Max gain: -85.928 dB @ 7.00500MHz
Files Calibration ... 10 | | 40.00 |
= : r 5 7.000M 7.167M 7.333M 7.500M  7.000M 7.250M 7.500M
Display setup ... About ... Analysis ...
v

ﬂ £ Type here to search




20 m scan of 250W ARRL (HFKits) EFHW Antenna Kit | built and deployed with a self-wound trap at

a little over 20 meters in length, followed by about 2.5 meters behind the trap.

B NanoVNA Saver0.3.10 (Sweep: 2022-03-29 16:28:54 @ 101 points)

Marker 2 | (RO [T \
Freguency: 14.0800 MHz VSWR: 1.3 y ",
Marker 3 14.08MHz | |l O Impedance: 46.8-j14.55 Return loss:  -18 Ao i
Series L; -164, 26 nH Quality factor: 0.3
Marker 4 O | seresc:  777.87pF SiiPhase: 93 003
- ParallelR: 512870 521 Gain: -a5
Marker 5 14.225MHz | [B| O | paralil%: 83,475 pF S21Phase:  -83
Marker 6 14,35MHz @®
54.0
Marker 7 14.08vtz | |B] O | Frequency: VSWR: 12
Impedance; Returnloss:  -18
Marker 8 14.08vHz | (0| O Series Lt Quality factor: 0.2
i e Series C: 511 Phase: 68 7.7
Marker & 14.08MHz Parallel R: $21 Gain: 79 :
parallel Xi  52.216 pF $21Phase: 70 0.0m 2457m S92
Marker 10 14.08MHz | (W] O
i S11VSWR S1112)
14 5
Marker 11 #oavz| (@] O | 3 so0d
Frequency: 14.2250 MHz VSWR: 1.5
Marker 12 14080Hz | | B © | Impedance: 40.2417.76 Returnloss:  -13
Series L: -198.21 nH Quality factor: 0.4
Marker 13 14.5vHz | |[B] O | Seriesc:  631.56pF SiiPhase:  -10 .
Parallel R:  47.9730 521 Gain: -82 267 g
L] Enable Delta Marker Parallel X 102.88pF S2iPhase: -1
“Show data Locked ()
51.45
TOR Frequency: Hz VSWR: 1.7 2.33 i
Impedance: 34917.1Q Returnloss:  -11
Estimated cable length: 28.986 m Seriesl:  -189.82nH Quality factor: 0.5
. Series C: 548.02 pF 511Phase: -12 47,18
Time Domain Reflectometry ... Parallel R: 42,6160 521 Gain: -81
Parallel X:  131pF 521Phase: -13 2.0
Reference sweep I
Marker. 7 42,82
Set current as reference Ersniisnmus 14 NAAN Mis | vewo. 11
>
Resetreference 167
511 38.55
Serial port control Min VSWR: 1,265 @ 14,0000MHz
. Return loss: -18.642d3
Port | COMS (H) o Rescan 1.33
s 7 34.27
Disconnect Manage
Min gain: -113.353dB @ 14.1600MHz
Max gain: -79.483 dB @ 14,0000MHz
Files Calibration ... 10 | 30.00
14,00M 14.17M 14.33M 14.50M  14.00M 14.25M 14.50M
Display setup ... About ... Analysis ...

H £ Type here to search
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15 m scan of 250W ARRL (HFKits) EFHW Antenna Kit | built and deployed with a self-wound trap at

a little over 20 meters in length, followed by about 2.5 meters behind the trap.

B NanoVNA Saver 0.3.10 (Sweep: 2022-03-29 16:30:57 @ 101 points) 55
Warker 3 T
Marker 2 aiviz | [B] O | \
Frequency: 21.0000 MHz WSWR: 12 o
Marker 3 B O | impedance: 56.349.662 Returnloss:  -19
Series L: 73,207 nH Quality factor; 0.1
Marker 4 21.2MHz ® | Seriesc:  -784.6pF S11Phase: 51, s
N ParallelR: 57.968 0 521 Gain: 85
Marker 5 21wz | (B O Parallel ¥:  2.5611 pH 521 Phase: -31
Marker & 21.45MHz @)
51.2
Marker 7 21.06MHz | |8 O | Frequency: 21,2000 MHz VSWR: 1.2
Impedance; 58.1+11.20 Return loss:  -17
Marker 8 21.08MHz || B O Series L: 83.869 nH Quality factor: 0.1
SeriesC: -672pF 511 Phase: 48, 7.7
Marker g 2rosvriz| (B O | paralllR: 60.2240 521Gain: 97 e i e
Parallel x:  2.3503 pH 521Phase:  -55 ! ' !
Marker 10 21.08MHz | [0 O
Mo S11VSWR s11 2]
Marker 11 zioemiz| [0 O | e 5 S
Frequency: 21,2000 MHz VSWR: 1.2
Marker 12 21.08vHz | |B| O Impedance: 58 141120 Returnloss:  -17
Series Lt 83.869 nH Quality factor: 0.1
Marker 13 a1z | (M) O | Seriesc:  672pF SiiPhase: 48 - |
Parallel R: 60,2240 521 Gain: a7 2.67 3
[ Enable Deita Marker Parallel X:  2.3503 pH 521Phase:  -55 /
Show data Locked O
64,30
TOR. Frequency: 2 Hz WSWR: 13 2.33
Impedance: 64.14j11.1Q Returnloss:  -16
Estimated cable length: 14.433m SeriesL:  82.257nH Quality factor; 0.1
Series C: -669.29 pF 511 Phase: 32 61.45
Time Domain Reflectometry ... ParalelR:  66.037Q 521 Gain: -a3
Parallel X:  2.834pH 521Phase; 91 2.0
Reference sweep =
Marker 7 58.55
Set current as reference Eramiancu 71 0200 s | wewo. 5]
>
Resetreference 1.5
Si1 55.70
Serial port control Min VSWR: 1,242 @ 21,0050MHz
Return loss: -15.330 dB ¥
Paort | COMS (H) Rescan 1.33 :
s 52.85
Disconnect Manage
Min gain: -124.719 dB @ 21.0800MHz
Max gain: -84.563 dB @ 21.0100MHz
Files Calibration ... 1.0 | | 50.00 |
: 21,00M 21.1M 21.3M 21.50M  21.00M 21.25M 21,50M
Display setup ... About ... Analysiz ...

H L Type here to search




10 m scan of 250W ARRL (HFKits) EFHW Antenna Kit | built and deployed with a self-wound trap at
a little over 20 meters in length, followed by about 2.5 meters behind the trap.

B NanoVNA Saver 0.3.10 (Sweep: 2022-03-29 16:35:08 @ 107 points) = >
TETREr 3 1
Marker 2 =z [ (WO [T ¥ A
VEWR: 1.6 o
Marker 3 O 5 Return loss:  -12 .
SeriesL: -38.344nH Quality factor: 0.2 -
Marker 4 ® | seriesc:  842.5pF SiiPhase:  -15 L
- Parallel R: 329330 521 Gain: 80
Marker 5 1O Paralel X:  36.822pF 521Phase: -52
Marker 6 29, MHz O
55.3
Marker 7 .34z | [0 O Frequency: 28,2000 MHz VSWR.: 1.5
Impedance: 32.4§4.04 & Return loss:  -13
Marker 3 23z | B O SeriesL: -22.788 nH Quiality factor: 0.1
Series C: 1.3977 nF 511 Phase: -16 477
Marker 9 28.3mHz | [0 O Paralel R: 32,9270 521 Gain; 91 "0.0m 1236.4m 249731
Paralel X:  21.345pF 521Phase:  -13 ! ' '
Marker 10 B3z | (0] O
Ml S11VSWR S11 12|
Marker 11 B | [0 O | Morkers . -
Frequency: 28,3000 MHz VSWR.: 1.5
Marker 12 B3z | (B O Impedance: 32.943.18 ¢ Returnloss:  -13
Series Lt -17.88 nH Quality factor: 0.0
Marker 13 3z | (B O | Seriesc:  1.7688nF S11Phase;  -16 .
Paralel R 33,1620 521 Gain: 87 267 ‘
[ Enable Delta Marker Parallel X: 16,411 pF 521Phase: 98
Show data Locked O
43,60
TOR Frequency: 2 VSWR: 18 2,33
mpedance; 34.24121.7Q Returnloss:  -10
Estimated cable length: 17.512m SeriegL: 116.29nH Quality factor: 0.6
. Series C: -246.94pF 511 Fhase: 11 47,90
Time Domain Reflectometry ... Paralel R: 47,985 Q 521 Gain: -86
Paralel X:  405.57nH 521Phase:  -14 2.0
Reference sweep T
ker 7 - 37.10
Set current as reference Eramiancs 72 2900 M | wewio. 3
>
Resetrefergnce Loy
tref = o0 '\\ 5 43_,.;
Serial port control Min VSWR: 1,520 @ 28.4200MHz
= Return loss: -13.709 dB
Port | COMS {H) Rescan 1.33 | |
[ e 0
Disconnect Manage
Min gain:  -100.273 dB @ 29.3400MHz
Max gain: -80.962 dB @ 28.0000MHz
Files Calibration ... 10 | | 20,00 |
- - T - T : 23.00M 28.67M 29.33M 30.00M  28.00M 29.00M 30.00M
Display setup ... About ... Analysis ...
v

ﬂ L Type here to search . - > 80°F Sunny




NanoVNA Waveform showing the 14.3 MHz output
waveform of the nanoVNA and a sample scan

e
SDR# v1.0.0.1700 -
RTL-SDR (USB) - 09.0¢

& SDR# v1.0.0.1700 - RTL-SDR (USB)

=m0 | 14.298.250

RTL-SDR (USB) v

ONFM Oam OLSBE @ USB
Owrm Qpss Ocw QRAW

(] Shift -125,000,000 <

Filter Blackman-Hanis 4
Bandwidth Order

Step Size
Snap to Grid 10 Hz v
Lock Carrier [] Correct 1Q []
Swap|&Q ]

AGC

FFT Display

Audio Noise Reduction *

IF Noise Reduction *
Baseband Noise Blanker *
Demodulator Noise Blanker *
Recording *

Zoom FFT *

Band Plan *

Frequency Manager *

>
S
>
S
>
>
>
>
>
>
>
>
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